The uptake of rz51-hFSH was hormone specific and uptake inhibition seen with purified human luteinizing hormone (hLH) could be attributed to residual FSH activity in the latter.
While biologically active FSH inhibited the specific uptake of Y-hFSH by seminiferous tubule homogenate, biologically inactive FSH, denatured by heat, did not. The system could also be used to follow formation of intact FSH from its (Y and /3 subunits, thus further validating the relationship between specific binding and bioiogic activity.
The uptake of 12SI-hFSH was tissue specific, since negligible specific binding was seen when a variety of rat tissues other than seminiferous tubule homogenate were examined.
The uptake of 1251-hFSH was 1.6-fold greater in seminiferous tubule homogenate derived from testes of mature rats compared to immature (16-day-old) rats.
Specific 12SI-hFSH uptake was affected by variations in ionic strength, with a maximum uptake, 2.17 X lo-l6 moles per mg of homogenate, being noted in 1 rnrd phosphate buffer, pH 7.5, and no specific uptake in 0.5 M phosphate buffer. Specific uptake was not affected by substitution of Mg2+ for CaZf at the molar concentrations of phosphate described above.
Specific binding is temperature-dependent and maximum specific uptake of lz51-hFSH was seen at 37". Heating of seminiferous tubule homogenate to 60" and above prior to addition of lz51-hFSH abolished specific uptake, whereas nonspecific uptake increased as the temperature was elevated.
Specific binding was pH-dependent, with an optimum at pH 7.5. Extremes of pH caused irreversible damage to the receptors and this was a time-dependent process.
In our system, specific uptake of 1251-hFSH was a saturable process with respect to hormone concentration, and significant inhibition of uptake by unlabeled hFSH could be detected at 1.06 x lo-l6 moles per mg of homogenate using 7.5 x lo-l4 moles of 1251-hFSH.
Scatchard analysis * This publication is # 1165 from the Division of Basic Health Sciences, Emory University.
This study was supported in part by United States Public Health Service Grant AM 3598.
$ To whom all correspondence should be addressed.
indicated a Kd of 6.7 X lo-lo M and binding sites are estimated to be 6.2 x lo-l4 moles per mg wet tissue weight.
At the present time, relatively little is known about the mechanism of action and precise effects of gonadotropins on mammalian testes. It is known that under the influence of gonadotropins, changes do occur in the metabolism of proteins, lipids, and carbohydrates in the testes (1). FSH,' for example, stimulates biosynthesis of proteins and nucleic acids in the rat testes (I). The initial event in hormone action is generally considered to be the binding of the hormone to specific cellular receptors at the target organ (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) .
In the case of LH, this has permitted development of a rat testes homogenate radioligand receptor assay (18) as well as studies on the properties of the hLH receptor uptake phenomenon (19) (20) (21) (22) , using Leydig cell homogenate from rat testes. Similar developments with FSH have been delayed by the lack of a reliable method for labeling of that hormone to useful levels of specific radioactivity with retention of biological activity. We have recently succeeded in accomplishing this t,hrough a modification of the chloramine-T method of Hunter and Greenwood (23, 24) . Thus, utilizing iZsI-hFSH and rat seminiferous tubule homogenate as a receptor source, we were able to develop a radioligand-tissue receptor assay and to demonstrate its usefulness for measurement of FSH biologic activity in different fractions derived from human pituitary glands (43). In this report, we wish to describe some of the properties of the interaction of radioiodinated, biologically active hFSH with specific receptors in homogenates of rat seminiferous tubules.
MATERIALS ANI) METHODS
Mature rats (250 to 300 g) of the Sprague-Dawley strain were utilized unless otherwise noted.
Chloramine-T was purchased from Mallinckrodt Chemicals, magnesium chloride and sodium metabisulfite from J. A. Baker Chemicals, sucrose from Fisher Scientific, Inc., Sephadex G-100 from Pharmacia, egg albumin (twice crystallized) from Schwarz-Mann, and carrier-free Na12jI
1 The abbreviations used are: FSH, follicle-stimulating hormone; hFSH, human follicle-stimulating hormone; LH, luteinizing hormone; hLH, human luteinizing hormone; IRP, international reference preparation.
(usually supplied in 0.1 M NaOH, pH 8-10) from Cambridge Nuclear Corporation.
FSH biological activity was measured using the human chorionic gonadotropin augmentation assay of Steelman and Pohley (25) slightly modified (26). The assay reference preparation was 20 i.u. of FSH (2nd IRP) per mg (27) . LH activity was measured using the ovarian ascorbic acid depletion assay (28) or a radioligand receptor assay (19). LER-907, 48 i.u. of LH (2nd IRP) per mg, was utilized as the assay reference preparation.
Relative potency estimates were determined by the method of Finney (29) as described elsewhere (20).
The highly purified hFSH utilized in this study (LER-1575. C) was prepared by procedures described in detail in (30). The final product had an FSH activity of 3608 i.u. per mg and an LH activity of 100 i.u. per mg. LER-1575-C showed a single component following electrophoresis in a discontinuous buffer system at alkaline pH (31) and upon gel filtration through Sephadex G-100.
FSH preparation LER-1548 (50 i.u. per mg FSH activity and 60 i.u. per mg LH activity) was used for assessment of nonspecific binding (vide infra).
The hLH utilized in this study, LER-960, has an LH activity of 4680 i.u. per mg, and an FSH activity of 1.9 i.u. per mg (18). It is a highly purified preparation which has been exhaustively characterized biologically (27) and has been used as the radioligand in the development of a receptor assay of LH (18, 19) and in radioimmunoassay (27).
Iodination of hFSH was carried out by the chloramine-T method (23, 24), modified to allow retention of the biologic activity of hFSH (43). Iodination was carried out in the cold. To 50 pg of protein in 25 ~1 of 0.05 M phosphate buffer, pH 7.5, were added in sequence, 20 ~1 of 0.5 M phosphate buffer, pH 7.5, 1 mCi (see below) of Na1251 (usually in a volume of from 5 to 10 ~1 of solution as supplied by the manufacturer), and 10 ~1 of freshly prepared chloramine-T (2.3 X lop3 M). The reaction is then terminated after exactly 30 s by the addition of a 25.fold excess of sodium metabisulfite.
The free iodine is separated from labeled hormone by Sephadex G-100 chromatography. The specific activity and recovery of the labeled hormone was calculated as described by Hunter and Greenwood (23, 24) . When 1 mCi of lzsI is utilized, the specific activity of the final product ranges from 8 to 11 &i per pg. The biological activity of LER-1575-C prior to iodination was 3128 i.u. per mg (95% confidence limits, 2137 to 5365) while, after iodination, the biological activity was 3126 (95% confidence limits, 2209 to 5026) .2 After iodination, the labeled hFSH was diluted to a final concentration of 1.5 X lo-l3 moles of hFSH per 50 d (5 ng/50 ~1) and stored frozen until thawed prior to use. Dilution was with 0.01 M phosphate buffer, pH 7.5, containing 5 mM MgC12, 0.1 M sucrose, and 0.1% egg albumin.
The 12%hFSH was not utilized for experimentation if nonspecific uptake (vide infra) exceeded 30 %. Each assay, therefore, contained 1.5 X lo-lo M lzSI-FSH but the counts per min varied due to decay.
Rats were killed by Dry-Ice asphyxiation immediately prior to use. Rat testes were removed and then weighed to the nearest milligram.
The tunica albuginea was removed and the remaining testicular tissue was chilled and then homogenized in the cold (3-5") using a McShan type, loose fitting pestle with 1 The activity of 1575C given here, 3128 i.u. per mg, was obtained when the preparation was assayed simultaneously with iodinated hFSH. The value of 3608 i.u. per mg cited earlier was the pooled and weighted potency estimate from several separate replicate assays. There is no significant difference between these values within the error of the bioassays.
hand homogenizer (McAllister Corporation, Cambridge, Mass.) . The ratio of buffer per g of tissue, wet weight, was 2 ml per g. The buffer utilized in preparation of Leydig cell homogenate and seminiferous tubule homogenate was 0.01 M phosphate, pH 7.5, containing 5 mM Mgclz, 0.1 M sucrose, and 0.1% egg albumin. Homogenization was carried out with 15 to 20 strokes of the pestle, and the resulting homogenate was filtered through a single layer of cheesecloth.
The filtrate contained most of the Leydig cells and will be referred to hereafter as the Leydig cell homogenat,e.
The seminiferous tubules, retained by the cheesecloth, were washed with 1 volume of buffer (2 ml per g of starting tissue) and then transferred to a Teflon pestle tissue grinder (Arthur H. Thomas, Philadelphia).
To this was added buffer (1 ml per g of starting tissue) and the tubules were gently homogenized by manual grinding consisting of a single downward and upward stroke of the pestle. For this purpose a Teflon pestle with radial serations at the tip was found most suitable. The homogenate was then centrifuged at 1500 x g for 10 min and the supernatant was discarded.
The pellet was resuspended in the same buffer to make the final concentration 1 g/10 ml and this was refiltered through a single layer of cheesecloth to remove the comparatively large size fragments remaining. This was necessary in order to avoid difficulties in accurate aliquoting of the receptor preparation.
The wet weight of these fragments was found to be negligible in comparison to the wet weight of resuspended tissue (i.e. less than 0.1%).
This final filtrate, which is designated hereafter as seminiferous tubule homogenate, was used in all binding and uptake studies. The Leydig cell homogenate obtained from the initial homogenization (see above) was similarly centrifuged.
The present studies therefore were performed on a 1500 X g pellet, prepared as described above, and the pellet was resuspended in buffer.
Studies on the binding of the labeled hormone to seminiferous tubule homogenate were carried out in culture tubes. To each tube, in the cold, was added an aliquot of 0.01 M phosphate buffer (pH 7.5), containing 5 mM MgC&, 0.1 M sucrose, and 0.1% egg albumin, followed by aliquots of a standard and unknown to make a final volume of 500 ~1. To this was added chilled seminiferous tubule homogenate preparation (vide supra) SUSpended in 450 ~1 of buffer and 5 ng of lz51-hFSH in 50 ~1, thus making a total incubation volume of 1 ml. The tubes were incubated in a reciprocal water bath shaker at a temperature of 37" for 3 hours. The shaker was set at 110 oscillations per min. Following incubation, the tubes were centrifuged at 1500 X g for 10 min and the supernatant was discarded. The tissue pellet was resuspended in 1 ml of the same buffer, agitated using a Vortex mixer, and recentrifuged for an additional 10 min. One wash was found adequate to remove interfering amounts of the unbound radioactivity.
The supernatant from the second centrifugation was decanted and the tips of the tubes were wiped off with Kimwipes.
The tubes were then counted in a Packard model 579 automatic gamma spectrometer.
In this study, specific binding (%) is defined as (Bt -B,)/Bt X 100 where Bt is the total counts bound (counts per min) to seminiferous tubule homogenate and B, is total counts bound in tubes designated for estimation of nonspecific binding which contain 600.fold molar excess unlabeled hormone to compete with 5 ng of lz51-hFSH.
For calculating the moles of hormone bound to receptor, nonspecific values were always subtracted from total uptake in order to obtain specific uptake.
Where the range of specific uptake is not indicated, the variation (counts per min) of replicate determinations did not exceed 5%. Homogenate-Initial justification for selection of seminiferous tubule homogenate as a receptor source for study of "WhFSH-receptor interactions were based on the results summarized in Table I . The Leydig cell homogenate has been previously shown to be specific for uptake of iodinated hLH (18, 19) . The total binding of 'z51-hLH is 5.5-fold greater than 1251-hFSH per mg of Leydig cell homogenate. Furthermore, Y-hLH has much greater specific binding (71%) than l%hFSH (26%). In other words, 74% of the 1251-hFSH binding is nonspecific.
Since specific binding is a measure of hormone-receptor interaction, the Leydig cell homogenate does not seem to be suitable for 1251-hFSH studies.
On the contrary, the specific uptake of l*51-hLH and '2"1-hFSH by seminiferous tubule homogenate were comparable (i.e. 66% for LH and 71% for FSH).
The presence of LH-specific receptors in seminiferous tubule homogenate may suggest Leydig cells contamination in the preparation.
However, Kuehl et al. (34) have postulated the existence of LH receptors in rat seminiferous tubules. This possibility could not be ruled out by our studies. This point is further discussed under specificity of response (uide injra). The inhibitory response to varying doses of unlabeled hFSH is linear, and significant inhibition of uptake of labeled hormone (an uptake inhibition of 20% or greater) is seen at a dose of 2.5 ng (0.75 X 10P" M) of hFSH. In the same system, no uptake inhibition was seen at a total dose of 10,000 ng for human growth hormone, human prolactin, human serum albumin, ovine prolactin, and ACTH (data not shown).
A graded inhibition of uptake was also seen with highly purified hLH (LER-960).
The slope of the '251-hFSH uptake inhibition curve obtained with hLH and hFSH were similar (Fig. lA) , allowing a calculation of the amount of FSH activity in LER-960. Based on standard statistical analysis as described for hLH in (18), LER-960 was found to have 2.2% (95% confidence limits, 2.5 to 2.0) of the activity of LER-1575-C (i.e. pure hFSH)
per mg. This is consistent with the estimates of FSH activity in LER-960 arrived at on the basis of classical in viva bioassay of the preparation. To test this point further, LER-960 was iodinated as described in (18), and its uptake by seminiferous tubule homogenate was studied.
As shown in Fig. lB , there was a graded inhibition of uptake of 1251-hLH by unlabeled hLH and also by unlabeled hFSH (LER-1575-C).
The LH activity in LER-1575-C was calculated to be 1.6% (95% confi- FSH (1548) was heated at different temperatures, i.e. 37, 40, 70, 80, and loo", in a water bath for 10 min. A, unheated FSH (control) and FSH heated at 40"; 13, FSH heated at 70"; C, FSH heated at 80" and 100". FSH was heated at different temperatures at a concentration of 12 mg per ml (w/v) in 0.01 M phosphate buffer and then centrifuged at 48,000 X 9 for 15 min. The experiment was carried out as described in Fig. 1 . Each point is the mean of three determinations and is corrected for nonspecific binding.
dence limits, 1.9 to 1.4) that of LER-960 (i.e. pure hLH) per mg. This again is consistent with LH activity of LER-1575-C as determined by in viva bioassay.
In view of the partially purified nature of seminiferous tubule homogeuate, our observations might be explained either by contamination with Leydig cells or the presence of LH specific receptors in rat seminiferous tubules.
To test the relation of specific binding to biological activity of the hormone, FSH was heated for 10 min at various temperatures, i.e. 37, 40, 60, 70, 80, and 100". These preparations were then tested in the radioligand receptor assay as described in Fig. 1 . The results of such studies are summarized in Fig. 2 . As can be seen, the extent of heat denaturation could be clearly followed in this system. FSH heated at 70" (Fig. 2) lost 30% of its inhibitory activity and heating at 80" or above resulted in corn plete loss of inhibitory activity. These results are in complete agreement with biological assay data obtained using the classical bioassay of Steelman and l'ohley (25), where FSH heated at 80" or above results in total loss of in vivo biological activity. FSH heated at 37 and 40" does not show detectable loss of inhibitory activity or in vivo biological activity as compared to control values (unheated FSH). Similar studies have been reported for LH, utilizing iz51-hLH binding to slices of luteinized rat ovaries (35).
In additional experiments, (Y and /3 subunits of FSH were recombined under the conditions described in Fig. 3 . When examined individually, these subunits displayed negligible activity either in vivo or in their ability to inhibit uptake of iz51-hFSH by rat seminiferous tubule homogenate.
Increase in uptake inhibition with time was taken as a measure of reassociation of these subunits to form biologically active intact FSH molecule.
As can be seen in Fig. 3 , uptake inhibition of IzaIhFSH increased gradually with time and closely paralleled the appearance of biological activity as measured by the in vivo bioassay.
Binding of 1251-hFSH to Various Tissues of Rat-Specificity of uptake of hFSH by seminiferous tubule homogenate was established by examining the uptake of labeled hFSH by a variety of rat tissues. The uptake of iodinated hFSH (1.5 X 01 ando subunits were dissociated by incubation with urea and a and p subunits were separated by a combination of ion exchange chromatography and gel filtration (44). These subunits were allowed to incubate at a concentration of 1000 pg per ml at 37" in 0.01 M phosphate buffer, pH 7.0, for various periods of time. The assay was then performed as described in Fig. 1 with a and p subunits, intact FSH, and reaction mixtures containing subunits at all given time intervals.
Tan~la II Bindi,lg of lzSI-FSH to various tissues of rat Different tissues were similarly homogenized (45 mg per tube, wet weight) and incubated for 180 min at 37" in the presence of 1.5 X lo-i0 M iz61-FSH (total counts, 29,665 cpm). Each set of experiments was run in triplicate for specific as well as nonspecific determinations.
FSH 1548 was used for determination of nonspecific uptake.
- Table I and text. lo-lo M per 45 mg of tissue) by rat heart, lung, epididymis, liver, and kidney tissue was generally nonspecific in character, with virtually no specific (i.e. inhibitable) uptake (Table II) . Also, the binding of hFSH to seminiferous tubule homogenate derived from mature rat testes was 1.6.fold greater than that observed for seminiferous tubule homogenate derived from immature rat testes.
Binding of '*"I-hFSH as Function of Tissue ConcentrationThe binding of '*jI-hFSH was nonlinear to the concentration of the homogenate using 1.5 X lo-l3 moles of 1*51-hFSH per ml of reaction mixture (Fig. 4) . The nonspecific binding, on the contrary, showed a linear relationship to the concentration of the homogenate.
Such findings show similarity with the reported data in LH-luteinized rat ovaries system (13). Tubule Homogenate-Exposure of cell membranes to increasing molar concentration of phosphate buffer had a profound effect upon hormone receptor interactions (Table  III) .
The maximum total binding of hFSH (6.5%) is observed at a very low molar concentration of phosphate buffer, 0. a Nonspecific values are subtracted from total uptake by the homogenate to obtain specific uptake.
b For definition, see Table I and text. phosphate buffer, pH 7.5. At higher molar concentrations, the total specific binding starts to decrease with a concurrent increase in nonspecific uptake.
The binding at 0.1 M phosphate buffer is 0.28 X lo-l6 moles compared to 2.1 X lo-l6 moles per mg of homogenate at 0.001 hc phosphate buffer. Also, different buffers result in varying degree of binding at a giveu molar concentration (Table III) . Ca*+ does not seem to affect binding. Since the per cent specific binding remains the same in a range of 0.001 to 0.01 M phosphate buffer (pH 7.5), this buffer was selected in order to permit adequate buffering capacity in the incubation medium.
No specific binding was observed at 0.5 M phosphate buffer. (data not shown).
Binding of l*51-hl"SII as f%nction of Incubation
Time-Per cent specific binding at 37" is linear up to 60 min (Fig. 5) . A further, though slight, increase is noted up to 3 hours with a plateau being reached between 3 and 4 hours.
No appreciable change in binding occurs when the incubation time is extended beyond 4 hours (data not shown).
During the same 4-hour period, nonspecific binding is steadily increasing, but at a rate appreciably less than that of the specific binding.
The result is that the nonspecific binding decreases relative to specific binding (Table IV) .
I'reincubation of seminiferous tubule homogenate with cold hormone for various intervals of time prior to addition of labeled hormone decreased somewhat the specific uptake (Fig. 6) . Therefore the conditions employed were without preincubation.
An incubation period of 3 hours with the labeled hormone Xas routinely used. (Fig. 7) . No binding was detectable at 60". The nonspecific uptake was also higher at 4 and 45". Effects of preheating the homogenate at various temperatures prior to incubation under the standard conditions are shown in Fig. 8 . The ability of the homogenate to bind i2%hFSH is completely destroyed by raising the temperature from 40 to 60" with approximately 50% of the inactivation occurring at 52-53".
Although the specific binding could not be detected at 60", the nonspecific binding continues to increase and binding at higher temperature is a reflection of total nonspecific uptake. EJect oj pH on Binding of '2"Z-hFSZJ-The specific binding of '2"1-hFSH occurs over a fairly wide range of pH (Fig. 9) . Maximum binding occurs at pH 7.5 while 20% reduction in activity is found at pH 6.0 and 10% at pH 8.0. Complete deactivation in the binding capacity is noted at pH 4.0 and 10.0. The effect of pH on the receptor stability was tested by holding the receptor preparation at different pH values for 15 and 30 min at 37" and then readjusting the pH to 7.5 (Table V) . As can be seen, the extent of irreversible inactivation is dependent on the duration of exposure of seminiferous tubule homogenate to the adverse pH conditions.
EJect of Increasing Concentration of 'tSI-hFSH upon BindingSpecific binding of iz51-hFSH is a saturable process with respect to concentration of '2"I-hFSH (Fig. 10) . Specific binding can be detected at a concentration of 2.5 ng per ml (7.5 x lo-i1 M) and saturation is obtained at 100 ng per ml (3 X 1O-g M) using 10 mg of seminiferous tubule homogenate.
The data of We have previously shown that Leydig cell homogenates contain receptors which are very specific for luteinizing hormone (18, 19) . Our present studies indicate that rat seminiferous tubule homogenates contain specific receptors for hFSH and represent a suitable receptor source for binding studies. This system has been used in the development of a specific tissue receptor assay for FSH (43). Our study indicates that biologically inactive FSH, obtained by heating FSH at 100" for 10 min, does not show iz51-hFSH uptake inhibition activity and that the rate of combination of subunits of hFSH can be easily monitored through use of this competitive protein binding assay system. These results further confirm the relationship between specific uptake of the labeled hFSH by the rat seminiferous homogenate and biological activity of the hormone and illustrate the potential usefulness of the system for structure function studies on FSH. The postmeiotic cells of the seminiferous epithelium, the spermatids, undergo a series of transformations during spermatogenesis, ending in the formation of spermatozoa. The spermatozoa before their release have a developed acrosomal system (37). It is also known that sperm acrosomes contain a number of hydrolytic enzymes and recently a concept of sperm acrosomes as modified lysosomes has also been proposed (38). Thus, to reduce the presence of hydrolytic enzymes, the pellet resulting from the centrifugation of the tubules homogenate is homogenate binds FSH in a nonspecific mamler (Table I) , it is deemed advisable to remove the majority of the Leydig cells; this is accomplished by gentle homogenization and subsequent filtration.
Such a system would appear preferable to whole testicular mice (16).
The failure of lz51-hFSH to bind in a specific fashion to liver or kidney tissue (Table II) is consistent with the observations of Perttula et al. (39) who reported the absence of receptor sites for FSH in these tissues on the basis of autoradiographic studies.
lz51-hFSH binding is dependent on ionic concentration of the medium.
Total specific binding is considerably greater at very low ionic strength of the buffer.
Increasing the ionic concentration results in lower binding and no binding occurs at, 1 M concentration.
Such a property is also observed with LHreceptor interactions (19) but is different from some other hormone-receptor interact.ions such as insulin (9). However, higher ionic concentrations do not cause any irreversible damage to the FSH receptors (data not shown).
Substituting the Ca2+ ion for Mg2+ does not affect binding.
The results with time incubation studies are particularly interesting in view of the fact that specific uptake increases more rapidly than nonspecific uptake.
Thus, longer incubation time reduces the relative nonspecific binding.
Our results differ from Means and Vaitukaitis (16) who have reported maximum binding of tritiated hFSH after 1 hour.
The specific uptake is temperature-dependent and the maximum uptake is seen between 32 and 37". Preincubation of the homogenate with and without unlabeled hormone for longer periods of time before addition of 'Y-hFSH, followed by incubation under standard conditions, reduces the specific uptake.
Such a property is different from LH (19) where preincubation increases the specific uptake. FSH receptors seem to be thermally unstable since heating of the homogenate abolishes the binding activity.
Clues to the chemical nature of the receptors are presently being obt,ained by enzymatic modifications.
The binding is pH-dependent. Prctreating the testicular FSH receptors with extremes of pH causes irreversible damage to the receptor preparations. This damage is a time-dependent process (Table V) and the findings are in contrast to insulin (9) where pH-dependent deactivation is reported to be a reversible process. However, increased binding by treatment of the homogenate at high pH values could be due to the structural modificat,ions of receptors as a result of such treatment.
Prolonged incubation, even then, at high pH values causes irreversible damage.
'251-hFSH binding by rat seminiferous tubule homogenates has been shown to be a saturable process with respect to the concentration of labeled hormone. The hormone-receptor interaction possesses a high affinity, the dissociation constant, Kd, being 6.7 x lo-lo M. This value is consistent with the plasma concentration of gonadotropins (40) and is in general agreement with the value reported by Means and Vaitukaitis (16) who used tritium labeled hFSH and different experimental conditions.
However, the sensitivity of the present system, which uses 5 ng of I'WhFSH, is considerably greater than the system described by Means and Vaitukaitis (16) 
